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Methods of improving image interpretation system output through 
use of interpreter proficiency as a criterion for making interpreter 
personnel assignments were investigated . An experiment was conducted 
to determine if either of two personnel assignment methods using inter-
preter proficiency as the assignment criterion would yield significantly 
improved team performance. No significant difference in performance due 
I • 
to either of the methods tested W€re found. A second experiment was 
conducted to determine if assigning the more difficult imagery to the 
more proficient interpreter would result in higher team performance than 
random assignment of imagery to team members. Analysis indicated no 
significant differences in interpreter performance due to either of the 
methods tested . 
The image i nterpreter personnel assignment problem was formulated 
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Image interpretation is one of the best sources of tactical and 
strategic intelligence. Rapid availability of such intelligence is 
becoming increasingly important in order to counter the mobility of enemy 
forces and to utilize fully the rapid strike capabilities of our forces . 
New sensors, platforms, transmission systems, and "real time" systems are 
being developed which generate large volumes of imagery from which human 
interpreters must extract accurate , timely, complete, and relevant infor-
mation. This has prompted research efforts directed toward improving 
speed and quality of image interpretation . 
I. STATEMENT OF THE PROBLEM 
In order to meet future image interpretation requirements it is 
necessary to find ways to improve and increase image interpretation out-
put. This can be accomplished by training morre and better interpreters, 
improving the performance of interpreters, or making image interpretation 
tasks less demanding on human interpreters. The purpose of this study was 
to evaluate two possible methods of improving interpretation output. 
Studies sponsored by the U. S. Army Behavioral Science Research 
(6) (12) 
Laboratory , formerly known as t he Army Personnel Research Office, 
indicated that having interpreted imagery checked by another interpreter 
resulted in improvement in certain measures of interpreter output. Jt 
seemed reasonable to assume t hat interpreters at an interpretation 
ll 
faci lity would differ in proficiency and t hat often the relative profi-
ciency of available interpreters would be known . If a check procedure 
was decided upon and available interpreters could be ranked according to 
profici ency, task assignments could be made ei t her with or without .regard 
to interpreter profi ciency. Given a two-man team, i t appeared reasonable 
that assignment of the initial interpretation task t o t he lower profi -
ciency interpreter and havi ng t he higher proficiency man do the checking 
would yield higher output than other possible procedures . Experiment I 
was designed to determine if t hi s was t rue. 
Research has been directed toward development of pre-processing 
techniques that would provide the interpreter with "advance" information 
on i nterpretability of imagery. Such informat ion would be worthwhile if 
its use resulted in improved interpreter performance . If imagery 
were pre-processed in such a way that its di fficulty of i nterpret ation 
was known in advance of human interpretation, as signing higher proficiency 
interpreters to the more difficult imager y might impro7e output. _Experi-
ment II was designed to determi ne if this was t rue. 
II. IMPORTANC E OF THE STUDY 
Several studies of human factors i n image interpretation have been 
initiated since about 1961 . Many of the experimental results are not 
in consensus with the image interpreta tion communi ty; few of these experi -
mental results can be considered definitive. Some studies have recommended 
procedures whose feasibility i s questionable on account of military consi-
derations or time costs. Thi s study investigated two no-cost, easily 
12 
•' 
implementable i nterpretation procedures whi ch, if fo und justified by 




REVIEW OF THE LITERATURE 
Interpreter performance is dependent upon characteristics of the 
imagery, pre-processing of the imagery, training of the interpreters, 
previous experience and attained level of competence of the interpreters, 
tactical and strategic information available, equipment available, inter-
pretation procedures, and personnel organization. Research has been 
undertaken in most of these areas. 
I. CHARACTERISTICS OF IMAGERY 
The overall quality of photographic and other imagery is improving, 
due to technological advances; yet imagery quality varies because 
of variations in condi t ions under which the imagery is made. A study 
by Appli ed Psychology Corporation (2) found that the increase in complete-
ness over time became greater as the quality of imagery was improved . 
Poor quality imagery yielded negligible increases in completeness over 
time. It was suggested that imagery below certai n quality levels need 
not be interpreted. 
Aerial photographs can be made such that targets present either 
vertical or oblique aspects. Studies have been made to determine the 
effects of vertical only, oblique only, and both vertical and oblique. 
In a pilot study, J. E. Ranes(l6) found that simultaneou9 use of 
both vi.ews--vertical and oblique--of the target area yielded no sig-









task was limited to identification of vehicles in convoy. R~sults of 
another study(3) indicate that for mensuration and plotting, vertical 
views should be used. For objects with major dimensions in the vertical 
plane, obliqu~ views should be used. Test imagery was limited to one 
vertical and one oblique view each of a bridg~ and an airfield, for a 
total of four photogr~phs. Defending the use of both aspects, R. N. 
Colwell(lO), ap eminent member of the photo interpretation community, 
cited examvles where both vertical and oblique views were necessary for 
correct interpretation of objects. 
I~ the same article ~ofessor Colwell also defended the use of 
stereo ima~e~y, that is,two photog+aphs of the same area taken by two 
came+as a small distance apart. The resulting dual photographs are 
presented to the interpreter in such a way that he is able to use the 
stereoscopic parallax to obtain three~dimensional information. Schwartz 
and., Zeidner(l6 ), however, ;found no significant difference between stereo 
and. non~stereo viewing. Their measures of effectiveness were numbe~ right 
and number wrong. No consistent pattern or trend was found to indicate 
superiority of either stereo or non~stereo viewing. They suggested select~ 
ive use of ste~eo viewing. 
II. PRE~PROCESSING OF IMAGERY 
Interpreter performance might be improved if it were possible to 
p+e~process the imagery in such a way as to reduce the human interpreta~ 
tion t~9k. Ultimately, this would mean complete non~human image 
interpretation. Research efforts nave been made in t4at direction. 
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Readers interested in efforts to automate photo interpretation 
are referred toW. S. Holmes' paper, "Automatic Photo Interpretation 
and Target Location," i n IEEE Proceedings, Vol. 54, No. 12, Dec. 1966, 
pp. 1679-86, which cites twenty-four references . The attainment of 
complete automation is not envisioned in the immediate fu~ure; however, 
limited aut omatic assistance appears to be within the capability of 
current technology. 
One type of automatic assistance which has been investigated _is 
automat ic quantification of image quali ty. If, as several researchers 
have assumed, interpretability is dependent upon image quality, then 
knowledge of image quality might be used to predict image interpretability. 
Cornell Aeronautical Laboratory(ll) has developed reliable microdensito-
metric techniques for measuring and specifying contrast, resolution , edge 
sharpness, and granularity directly from photographic imagery . Presumably 
these could be used to quantify image quality and e~iminate poor quality 
imagery as uninterpretable. Measurement of band-widths associated with 
transition from one tone to another in photographic imagery has ber n demon-
strated by Minneapolis-Honeywell(l7) to be a convenient, reliable, and 
objective method for estimating the ground resolution of photography. 
Manual determination of image quality might be helpful , especially 
if it did not require highly trained personnel. A catalog techni que(S) has 
been developed by which interpreters compare their imagery with catalog 
imagery and assign predicted interpretability values. Discrimination of 
target areas from non- target areas by the catalog t echnique was correlated 
with results of actual interpretations, yielding correlations of . 77 for 
trained interpreters and .70 for untrained personnel. Correlations of 




target iqdentification were .54 and . 5l,respectively . Average time per 
test image was 45 seconds. The close correlation values between trained 
aqd untrained i~terpreter performance suggests this might be an effective 
way to reduce the wor~ load of photo interpreters by using less skilled 
personnel. 
Another approach to predict~ng interpretapility(l4 ) is to record 
various ~ata from ap init~al interpretation and from these compute ~robable 
accuracy of the interpretation and probable utility of future search . This 
information could form the basis of a decision rule to indic~te whether 
or not the imagery should be check interpreted. 
:~;'re-processing might also take the form of automatic enhancement 
of im~ge interpretability . One technique( 7) involves obtaining a video 
signal from a transparency and adding to this signal its negative second 
derivative. This so-called "differentation enhancement techniq4e" 
appeared to improve performance principally by increasing the number of 
correct responses, apd, to a lesser extent, by decreasing the number of 
incorrect responses. It has been found to be better suited for more 
difficult imagery. 
A Boeing study(5) recommended that interpreters vi ew alternately 
flashing superimposed p~otographs of the same area taken at two different 
times. This technique causes an apparent motion of elements in the 
photography which changed during the time interval between exposures. 
As noted in t~e study, the effectiveness of the technique is de~endent 
upon the amount and complexity of background image disparities. 
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III . FEEDBACK INFORMATI ON AVAILABLE TO I NTERPRETERS 
Feedback information can come ei t her from external intelligence 
sources or from the image interpretation operation itself. A. E. 
Castelnovo (l6) investigated the effects of different levels of externally 
provided i ntelligence i nformat i on on photo interpretation and found that, 
for a s·equence of imagery , increas ed informat ion aided the photo inter-
preters initially, but after a short period of time it had no effect. 
He pointed out that the negative effects of erroneous intelligence must 
also be considered--something he did not measure experimentally. This 
suggested the possibility t hat an increased amount of accUrate intel -
ligence informat ion might not necessarily be of significant value in the 
long run. 
Photo i nterpreters commonly assign subjective confidence estimates 
to their i nterpretations. The reliability of t hese estimates vari es. 
Measured reliability for completeness judgments ranges from .45 to . 88(14) 
and for accuracy judgments from .27 to .83.(l4) {l2 ) If evaluations of 
their previous performance are fed back to photo interpreters , their sub-
sequent confidence estimates of accuracy are signifi cantly improved.( 2l) 
One problem with this, however, i s t hat such feedback is not available in 
actual photo interpretation s i tuati ons . 
A similar but more sophisticated technique is to record several 
performance measures, such as time to f i rst target detection, as well as 
confidence ratings, and compute probabilistic ratings of a ccuracy and 
completeness which are fed back to the interpreters. Use of t his pro-









identifications, but did not s igni f i cantly i mvrove accuracy, complete-
ness, or speed of identification.(l4) If r eliable confidence ratings 
cap be obtained? a decision rule must be formulated to determine which 
im~gery i$ to be check inter~reted. No experimental work has yet been 
attempted to select such an optimal decision r~le. 
IV. TRAINING OF INTERPRETERS 
R. N. Colwell's article(9) summarized some of the methods currently 
used in training photo interpreters. H. W. Leibowi t z(l3) has advocated 
using the progr~ed instruction technique . He argued convinGingly from 
r~sults of experimental psychology in perceptual learning that program-
med instruction would be significantly more efficient than presently 
use~ ~ecture presentation. RCA(lB) conducted a special four -day training 
pro~ram i~ photo interpretation using tachistoscopic techniques similar 
to those used in reading improvement courses to increase interpreters' 
speed of detectiQn and classification of targets. Comparison,s between 
experimental and control grouv proficiency measures showed statistically 
s~gnificant performance imprQvement due to the special training. The 
experimental group extracte~ information from the test photography in 
one ha~f the viewing time required by the control group, with slight 
gai~s in completeness and accuracy. Moreov~r, the effect of the training 
was such as to counteract deteriorating effects of diminished scale and 
increased numb~r of targets per photograph. 
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V. INTERPRETATION PROCEDURES AND WORKING CONDITIONS 
Work load can be expected t o vary, especially at "front line" 
interpretation facilities. For conventionaL (non-stereo) large scale 
imagery, 60 ft . /90 min. is considered an acceptable low input quantity 
for average interpreters to view. A rate of 120 ft . /90 min. would con-
stitute a high input.(l) 
Performance has been found to fluctuate during the working day, 
but not in a consistent manner . A one - day experiment suggested t hat 
there was no decrement in performance even during a work day of extended 
length, twelve hours, containing no rest periods and providing onl y 
short periods for lunch and dinner.(l) The same study found l ow corre-
lation between expressions of fatigue and performance. 
Interpreters can vary their performance as a function of the 
relative weights given t o accuracy and completeness, but unless they 
are given guidance, they will base their work methods on their own sub-
jective and highly variable conception of the intelligence objectives . ( 2o) 
Another study( 2 ) found that completeness i ncreased generally with 
increased viewing time. The s t udy suggest ed that, given large quantities 
of photogr aphy on which f eat ures are to be ident ified accurately , one 
minute viewing time per photogr aph yielded high performance. A 48 min-
utes on and 5 minutes off work- res t cycle was recommended. 
Aero Service Corporation(l ) found that when shor+ (25 ft . ) 'samples 
of imagery wer e i nterpreted, an acc eptable met hodology was to proceed 
directly to i nterpret at i on without firs t rapidly scr eeni ng the imagery. 
Willmorth and Birnbaum( 22 ) ( 23) r ecommended t hat neither screening nor 
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lnvestigat~ ng i nt erpreter team organization, Bolin , Sadacca, 
and Martinek( 6) found no single factor or pr i nc iple of team organization 
that led to improved performance in all types of missions. Continuing 
this line of research, Doten, Cockrell, and Sadacca(l2 ) found that teams 
~n which the check i nterpreter had complete knowledge of the initial 
interpreter' s work produced more complete res ult s with higher efficiency 
than did procedures utilizing only partial knowledge of i ni t ial interpreta-
t i on . Arbitrary checking (where the checker made fi nal judgments without 
cqns~lting the i nitial interpret er), consensus checki ng (where only 
those interpretat:i,.ons agreed upon without discus s i on were recorded), 
a nd discus s ion-consensus checking (where onl y those i nterp~etations agreed 
upon after di s cussion were recorded) procedures were tes ted. Introduction 
of a third man provided more completeness but reduced efficiency. No 
differences i n team oqtput fro~ different procedures with the three-man 
team were noted. The checking procequre with arbi t rary scoring res~lted 
in the highest completeness but lowest accuracy. Checking procedure 
with consensus yielded higher accuracy but less complete interpreta~ion. 
Discussion with consensus scoring gave both hi gh accuracy and completeness 
but re~uced effici ency . 
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VI. RELATION TO PREVI OUS RESEARCH 
No analyses based on operational data were found in t he litera-
ture on human factors research in image interpretati on . Most studies 
conducted to date have used advanced photo interpreter trainees as 
subjects in controlled experiments . The all-but - i nsurmountable diffi -
culty encountered when attempting to use operational environments as 
sources of data is the measurement of interpreter perf ormance . More 
precisely, the difficulty is in defi ni ng the imagery's ground truth . 
All standard measures of interpreter performance--accuracy, complete-
ness, conciseness (the ratio of accuracy to time), a nd efficiency--
are dependent upon ground truth . Definiti on of ground truth is ~ 
tedious process, generally accomplished by consensus decision follow-
ing careful interpretation by a team of exper~ photo interpreters. 
Nevertheless, if ground truth i s known, it should be possible to insert 
that imagery between sequences of operational imagery . Such a procedure 
might provide more reli able indicat ion of operational i nterpret er per-
formance than that obtained from presently employed procedures . 
This study was constrained by lack of trained image interpreters ; 
however, it was felt that the important factors in team studies would 
be found in experiments using untrained subjects . 
Simulated photo imager y was constructed because (l) its compo-
sition could be controlled exactly, (2) ground truth could be deter -
mined easily, and (3) symbolic targets could be used . Untrained subjects 
would be expected to find identification of objects in a erial photographs 
inor dinately difficult , on account of thei r lack of experience in iden-
tifying objects f rom vertical or high oblique aspects. It was felt 
22 
, 
t~t use cf more familiar symboli c t arget s would r esult in a better 
balance of identification, classification, and evaluation difficulties 
for untrained subjects than would use of actua l aerial photography. 
Test image interpretability was designed to be dependent upon taTget 
.. 
density, shape , markings, scale, coptrast with background, resolution, 
detail , and spatial location, as well as background noise. 
Exper~ments I and II were meant to complement t he AFRO team 
stuqies cited . Experiment II , in addition, was designed t o compl ement 
tn~ pre-processing studies cited. 
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CHAPTER III 
EXPERIMENTAL DESIGN AND RESULTS OF THREE EXPERIMENTS 
ON IMAGE INTERPRETATION PERSONNEL ASSIGNMENT CRITERIA 
I. ELEMENTS COMMON TO ALL EXPERIMENTS 
A Preliminary Experiment was conducted .in order to provide data 
necessary for Experiments I and II, each of which was directed toward 
one of the primary objectives of the present ·study. Certain methodol og-
i cal elements were common to the three experiments. 
Interpretation Tasks 
The interpretat ion tasks used in the study consisted of two sub -
sets of ac t ivi t ies. These were: 
l. I nitial interpretation. Interpreters worked independently 
on separate parts of the imagery, completing annotat i ons and target 
identifications. 
2 . Checking. Interpreters checked t heir teammates 1 ini t ial 
interpretat ions and l ooked for additional targets . 
Team Scoring Rules 
A scoring rule was defined as a means of combining individual 
output i nto a team output. The two basic s coring rules were: 
l. Arbitrary . Score all responses which checkers approve or 
make. 
2 . Combined. Score and sum all responses which both teammates 
make using the i nitial i nterpretation procedure . 
24 
Dependent Variables . 
Three measures of individual interpreter performance were u.sed: 
,,. 
1 . Accuracy , Ratio of right interpretation to the sum of right 
_ .. i .. 
plus wrong interpretatiops . 
··.1 
2. Completeness . Ratio of right interpretations to the total 
' 
possible rights, i . e . , the total number of scored targets in the imagery . 
• j 
-~~ 3. Efficiency. Number of right interpretations divided by the 
total amount of time requil;'ed in min1..1.tes . 
Experimental Subjects 
-~ Twenty- four Army and Mari ne C9rps officers enl;'olled in the 
., 
Operations Research program at t~e Naval Postgraduate School constituted 
the population of subjects for the three experiments . Their rank dis -
.'i\ tribut~on was: 12 captains, 10 majors, and 2 lieute9ant colonels. One 
subject was a pilot . One subject had prev~ous experience in phQto inter~ 
pretation . 
·-. ;~ ... 
Subject Proficiency 
It was as~mmed that the subjects had acquired some degree ,of 
proficiency in detection and classification tasks other than image 
interpretation which would give them individually varying proficiency 
in image interpl;'etati,on tasks. It was further assumed tl).at the sub-
• I jects ' proficiencies couid be measured and the subjects ordered accord-
ing to those proficiency measurements, and, that this ordering would 
nQt cha~ge during the cours~ of experimentation, due to learnipg 




Si~ty 7" x 8" image frames were hand drawn ou 8 l/2 " x ll" wbite 
:paper . These image frames were assembled into six different ten frame 
ima gerr sets . Twenty-four Xerox copies df each set were made; this 
quantity was Eillfficient to insure that no subject would view any of the 
imagery more than once during t he course of the experimentation . Orig-
inal copies of the imagery wet~e drawn in r 'ed, black, blue, and green 
ink; t his produced controlled differences in contTast ratios in the 
2\en:>x copie13 . 
The image frames were intended to simulate photographs of targets 
in the vicinity of a border between two countires. Fifteen classes of 
targets were represented . Appendix A contains samples of the test imagery . 
II. PRELIMINARY EXPERIMEN'r: MEASUREMENT OF INTERPRETER 
PROFrCIENCY AND IMAGERY DIFFICULTY 
Experimental Objectives 
(I 
The 9bjectives of the Preliminary Experiment were (l) to 'measure 
~nterpreter proficiency, (2) to measure imagery difficulty, and (3) to 
determine if there was any significant difference in difficulty among 
the six sets of imagery used. 
Depende~t Variables 
Individual interpreter proficiency was calculated from individ-












l/3 (Accuracy. + Complet eneE> B. +Normalized Efficiency.) 
l l l 
Normalize~ Efficiency. 
' l 
Efficiency. - min (Efficiency.) 







i = l, 2, ... '24 
Ima&e frame difficulty was determined according to: 
Dif:('iculty. 
J 
l- l/2 (Mean Ac~uracy Frame +Mean Completeness Frame.) 
j J 
j = l, 2, ... ,60 
Experimental Design 
I ' 
The experimental design to test eftects of different imagery 9ets 
on interpreter performance is shown i~ Figure 1. Assignment of imagery to 
suojects was ranqom, subject to the balance requirements that (l) eacn 
subject interpret two different imagery sets, and (2) each imagery set 
be interpreted by eight subjects. 
Experimental Procedures 
Each subject was givep two imagery sets of ten image frames eacb. 
A sep~rate interpretatio~ key, showing examples of each type of target, 
was provided. The interpreter was required to circle or draw an arrow 
to eac~ target detected and label each with a number. The numbers were 
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. 
23 24 21 22 23 24 
Set A Set B Set C Set D Set E Set F 
IJVIAGERY 
Figure 1. Pre liminary Experiment Design 
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then entered on appropriate lines on t he t arget identification fonn 
~rinted below the image frame. 
After an interpreter completed his first set of ten image frames, 
he r~corded tne time, measured in 15 second increments, and commenced 
work on the remaining ten image frame set immediately . On completing 
the entire twenty image frames, total time was recorded . Interpreters 
were instructed to work independently, without going back to completed 
frames, pacing theroselves in order to maximize their accuracy, complete-
ness, and efficiency scores. 
Results 
Accuracy, completeness, and effici ency scores for each subject 
were tabulate~ and ?re presented in Table I. From these, proficiency 
scores were calculated,and subjects were ranked in order of decreasing 
~roficiency scores, as shown in Table II. 
Image frames were ranke~ in order of decreasing computed diff~ ­
culty within each imagery set, as shown in Table III . 
Analysis of variance. A 6 x 3 factorial analysis of variance was 
performed using the data summarized in Table I. Results of the analysis 
of variance are shown in Table IV . All tests of hypotheses were maQ.e 
a t a five per cent significance level. Differences due to perfonnance 
measU+es were statistically significant . Differences due to imagery 
sets were not significant . Interaction between ima~ery sets and 
performance measures was not significant . 
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TABLE I 
ACCURACY, COMPLETENESS, AND EFFICIENCY SCORES FOR SUBJECTS 
IN THE PRELIMINARY EXPERIMENT 
Imagery Accuracy Completeness Efficiency 
Set A .981 .684 4.952 
1.000 .829 5.o4o 
·972 .897 4.667 
.986 .947 5·053 
.928 .84-2 5.224 
·970 .842 7·758 
1. 000 .921 7.778 
1.000 .868 8. 000 
Set B .984 
·795 6.359 
.848 .719 3.672 
-932 .885 - 5-520 
.986 .923 5.878 
.969 ' ·795 5·905 
.969 .808 6.811 
.983 ·731 8.769 
.901 ·936 6.791 
Set C .896 ' . 759 4.898 
.986 .886 4.118 
·959 .899 5·796 
.986 .886 5. 000 
.914 .810 4.830 
.947 .899 4.982 
.929 .823 7.647 
.987 .949 8.571 
Set D 
·957 .868 4.800 
.938 .9o4 5.000 
.985 .882 5.154 
.926 .829 4. 500 
.941 .842 6.919 
.892 .763 5.800 
1.000 .961 6.952 
·957 .882 7.053 
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TABLE I (continued) 
Imagery Accuracy Completeness Efficiency 
Set E • 956 • 929 5.098 
. 938 .779 4.286 
. 952 .779 4.898 
.973 . 922 7.100 
.970 .844 6.341 
1.000 .844 4.906 
1.000 . 909 6.829 
1.000 .870 5.360 
Set F • 969 .539 }~ . 824 
. 947 • 934 4.897 
.973 . 934 5.680 
.986 . 908 7.459 
• 933 .737 4.148 
• 962 .671 3. 778 
.9.56 .855 4.561 
.984 .829 8.129 
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TABLE II 
BANKING OF SUBJECTS I N ORDER OF DECREASI NG PROFICIENCY, 
BASED ON PRELIMINARY EXPERIMEN'r DATA 
Subj ect Number Proficiency Rank 
1 .606 22 
2 .853 5 
3 .706 17 
4 
·955 1 
5 .873. 4 
6 .612 21 
7 .790 10 
8 .740 11 
9 .697 18 
10 
·737 14 
11 .652 20 
12 .602 23 
13 .719 16 
14 .547 24 
15 ·739 12 
16 .810 8-9 
17 .820 7 
18 . 927 2 
19 ·738 13 
20 .926 3 
21 .674 19 
22 .810 8-9 
23 .831 6 
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TABLE III 
RANKING OF IMAGE rRAMES WITHIN SETS IN ORDER OF DECREASING DIFFICULTY, 
BASED ON :PRELIMINARY EXPERIMENT DATA 
F:Pa,me Difficulty Rank 
1 . 030 10 
2 .082 2 
3 .039 8 
4 . 055 7 
Set A 5 . 223 1 
6 . 078 3 
7 .o69 4 
8 .031 9 
9 .063 6 
10 .o65 5 
1 . 076 8 
2 .103 6 
3 .162 1 
4 .112 4 
Set B 5 .110 5 
6 .141 2 
7 .133 3 
8 .087 7 
9 . 000 10 
10 .031 9 
1 . 050 8 
2 . o63 6 
3 . 088 4 
4 .068 5 
Set C 5 . 062 7 
6 . 096 3 
7 .113 2 
8 .290 1 
9 .000 10 
10 .o42 9 
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TABLE III (continued.) :.I 
-
. -
Frame Difficulty ... Rank · 
1 .089 6 
2 .096 5 
3 . 079 7 
4 .100 4 
Set D 5 .057 8 
6 .104 3 
7 .254 2 
8 .035 9 
9 .312 1 
10 .031 10 
1 .038 8 
2 .167 2 
3 .096 4 
4 . 093 5 
Set E 5 .013 9 
6 . 297 1 
7 .156 3 
8 .053 7 
9 .000 10 
10 . 063 6 
1 .129 5 
2 . 088 10 
3 .120 6 
4 . 090 9 
Set F 5 .108 '7 
6 .143 L 
7 .141 2 
8 .107 8 
9 .131 4 


































ANALYSIS OF VARIANCE 
df ss 
2 764 .245 
5 1.216 
10 2.445 








Discussion and conc lusions. The formula us ed to calculate inter-
preter proficiency was selected arbi trar .ily to yield proficiency scores 
in the unit interval [O,l]. This formula weighted efficiency more highly 
than accuracy or completeness, which did not seem unreasonable . The rel -
ative importance of accuracy, completeness, and efficiency in the real 
world can be expected to vary with changing tactical and strategic image 
interpretation requirementsj hence, no one formula for proficiency can 
be said to be best for all situations. Likewise , the formul a for calcu-
lating image difficulty was chosen arbitrarily to yiefd scores in t he 
un~t interval [ 0,1] . 
Data on performance of interpreters using different sets of imagery 
indicated that use of any particular set of imagery did not bias an inter -
preter's performance scores relative to those of other interpreters . 
There was no significant interaction between imagery and performance 
measurements. The importance of these results was t hat it permitted com-
parisons of scores among interpreters using dissimilar tes t imagery . The 
significant main effect due to performanc e measures i ndicated that the 
performance measure factor should be included in the design of Experi -
ments I and II. 
III. EXPERIMENT I : PROFICIENCY AS THE CRITERION 
FOR ARBITRARY CHECK PROCEDURE PERSONNEL ASSIGNMENTS 
Experimental Objective 
The objective of Experiment I was t o deterrnirw i f ci. t her of two 
personnel assignment methods using interpreter pro.n <!i..ency as the assignment 
criterion would yield significantly improved team performanc e . 
.. 
Per9onnel Assignment Methods 
The fol;Lowing . three personnel assignment methods were employed: 
1 . Lo';'-~nitial/High-check. Initial interpretati on was performed 
by the lower proficiency team member . Checking was done by the higher 
proficiency te~ member. 
2. High-initial/Low- check. Initial interpretation was performed 
by the higher proficiency team member. Checking was done by the lower 
proficiency te~ member. 
3. Random initial /check . Initial interpretation and check inter-
pretation personnel assignments were made without regard to interpreter 
proficiency. 
All personnel assignment methods were scored according to the 
arbitrary scoring rule . 
Experimental Design 
~periment I design, to test effects of prqficiency as a criterion 
~. t , 
for check task assignments, is shown in Figure 2. Subjects we:re assigned 
to two-ma~ teams in restricted randomized fashion, subject to the re-
q~irements that (l) subjects who interpreted any of t he same imagery 
in the Preliminary Experiment were ineligible for membership on the 
same team, and (2) each team was composed of one subject from among the 
twelv~ mos t proficient interpreters and one subject from among the 
twe~ve least proficient interpreters. Restriction (l) was necessary 
in order to use imagery annotated in the Preliminary Experiment as 
material to be checked in Experiment I without any subject's checking 
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Figure 2. Exper iment I Des ign. 
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ima~ery h e had interpreted p;revious ly . Data generated during th~ 
Preliminary Experiment test session and during t he Experiment I test 
session were combined, so that, in effect, each team interpreted the 
same imagery using both the Low-initial/High-check and High- initial/Low-
check procedures . Restriction (2) was designed to accentuate any differ-
ences between t he two check procedures by encouraging wider range in 
proficiency between team members. Teams were grouped so that Group 1 
consisted of eight subjects using High-initial/Low-check procedure, 
Group 2 consisted of eight subjects using Low-initial/High- check procedure, 
and Group 3 consisted of eight subjects using the random initial/check 
procedure, This grouping is graphically illustrated in Figure 3. 
Experimental Procedures 
A group testing sesqion was held one day after the Preliminary 
Experiment, during which session both Experiment I and Experiment II were 
conducted. 
Each subject was given the two imagery sets that had been inter-
preted in t he Prelimi nary Experiment by his teammate . Subj ects were 
instructed to check their teammates ' interpr etations, making corrections 
when appropriate, and to interpret additional targets missed by the 
initial interpreters . Time was recorded after the first ten frames were 
checked and after completion of the entire twenty frames. Checkers were 
instructed to work independently wi t hout going back to completed frames, 
pacing themselves in order to maximize team accuracy, completeness, and 
effici ency scores. Separate interpretation k eys were provided. 
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I 
__ 24 Ss 
Preparat ion of 12 copies of each of 6 d i f -
fe r ent imagery sets in 36 booklets, each 
containing 2 different imagery sets 
I 24 imagery booklets 
Pre liminary Experiment Test Session 
24 interpreted bookl ets 
Scoring of inter preted imagery; calculation of 
subject pr oficiency and image frame diff iculty 
24 Ss 
24 inter-
pr eted booklets 
Ss proficiency scores 
Assi gnment of subjects to teams, each t eam 
consisting of one subject from the set of 12 
most proficient subjects and one subject from 
the set of 12 least profici ent subjects 
. I 
24 Ss a ss1gne~to . 1 2 teams 
Assignment of subjects to groups for Experiment I · 
8 hi gh proficiency 
Ss ; 8 booklets in-
terpr eted in Pre lim 
Exp by low profi-
c i ency teammates 
8 low profi ciency 
Ss; 8 booklets in-
terpreted in Prelim 
Exp by high profi-
ciency teammates 
Experiment I Tes t Session 
4 low prof iciency Ss; 4 
booklets i nterpreted i n 
Pre 1 im Exp by high pro-
f ic iency teammates; 4 
high profi c i ency Ss ; 4 
booklets i nterpreted in 
Pre lim Exp by low pro-
ficiency teamma tes 
Figure 3. Experiment I Flow Chart. 
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Results 
Team accuracy, completeness, and efficiency scores are shown in 
Tabl~ v. Table VI presents initial interpretation sco~es and incre-
mental scores resulting from check interpretation. 
Analysis of variance. A 3 x 3 factorial analys is of variance was 
performed. Data used are presented in Table V. Res ults are shown i n 
Tabl~ VII. All tests of hypotheses were made a~ a five per. cent signifi -
canc e level. Differences dqe to performance measures were statistically 
significant . Differences due to personnel assignment criteria were not 
significant . Interaction between personnel as signment criteria and 
performance measures was not significant . 
Discussion and conclusions . Data on performance of interpretation 
teams using different pers onnel assignment criteria indi cated that none 
of the three criteria was . to be preferred to any other. This was an un-
expected result, for it. had been assumed t~t the Low-initial/High-check 
procedure would prove superior to the .other procedures : An attempt was 
made to account for t his r esult. It was noted from t he data in Tabl e VI 
that mean low proficiency initial interpretation scores were below mean 
hi~h proficiency initial interpretation scores; t he Low/Hi gh ratios for 
~ccuracy, completeness, and efficiency were .985, .948, and .732, r espect -
ively. In ~ddition, the means of low .proficiency. increment al s.cores : due 
to checking were below those of high proficiency incremental checking 
s~ores; the Low/~igh ratios ip this case were .188, .505 , and .667, respect -
ively. Team performance was determined by combi ning initial and incre-
menta+ checking .scores . 
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TABLE V 
ACCURACY, QOMPLEI'ENESS, AND EFFICIENCY SCORES FOR TEAMS 
. . I 
I N -EXPERIMENT I 
Proc edure Accuracy Completeness Ef f i ciency 
.960 .942 4. 920 
.987 .925 3. 322 
.980 .942 3.240 
Random Ini t ial .980 .947 3.972 
Check .960 , .928 3.337 
.966 .928 4.028 
.986 .915 3.256 
·973 .922 4 .000 
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TABLE VI 
INITIAL I NTERPRETATION SCORES . 
AND I NCREMENTAL SCORES DUE TO CHECKING 
Accuracy Completeness Effici~ncy Accuracy Completeness Effic iency 
Inc~ement Increment I ncrement 
.892 .748 3.966 .021 . 026 - 2. 068 
·938 -777 5·545 - . 021 . o46 - 2.631 
.930 . 783 4. 372 .000 .072 - 2. 382 
.978 .865 5.414 . 000 .013 - 2.666 
.969 .612 4.895 - .005 - .116 - 3. 205 
Lower 
.961 .925 5. 026 - .014 .029 - 2.902 
Half 
.939 .909 5.185 .000 .026 - 4.722 
.932 
·795 4. 863 . 008 . 065 - 2.685 
·972 .896 5,308 . 015 . o46 - 2.039 
·971 .906 4,538 - . 006 .052 - 2.140 
· 979 .892 4.828 .047 . 026 - .l. 520 
.983 ·758 4. 336 .014 . 020 - 3. 019 
Mean 
.954 .822 4 :855 .003 .o45 - 2.665 Low 
.959 .916 5.308 . 033 .129 - l. 025 
1.000 .876 6.872 .o48. .140 - l. 922 
1.000 .869 6.410 .030 .145 - . 990 
·992 .844 7.647 . 008 .o45 - l. 775 
-970 .826 6.564 - .009 .171 - 1.147 
Higher 
-955 .826 7.877 . 026 . .000 - l. 7o4 
Half 
·973 .916 7.780 . 034 .033 - 1.871 
-931 .803 6.685 . 025 . 064 - l. 217 
.951 .882 6.o67 - .012 .o46 - .488 
.986 .895 6.112 . 008 .054 - l. 083 
.926 .896 5-520 - . 018 . 038' - 1.289 
.985 .857 6 .769 . 003 .157 - l. 080 
Mean 










ANALYSIS OF VARIANCE 
df ss 
2 .125 .823 
2 0.598 
4 0.856 





0.299 1. 246 
0.214 0.892 
0.240 
The entri es in Table VIII were obtained. by a dding mean low proficiency 
initial scores to mean high proficiency i ncremental check scores artd by 
adding mean high proficiency initial sc or es t o mean low proficiency check 
incr~ental scores for accuracy, completeness, and efficiency. The ratios 
of the Lqw/High sums to the High/Low s ums wer e . 997, . 995, and .896. 
These were c~oser to unity than were the ini t ial rat ios or the- incremental 
ratios. Thus, checking served to balance out differ ences between high and 
low initial interpretations. Lest ther e by any tempt ation to conclude . 
from these figures that a High-initial/High-check procedure would yield 
signific~ntly higher team perfo~ance, i t should be noted here that Doten, 
Cockrell, and Sadacca(l2 ) found the performanc e of High/Low proficiency 
te~s (each man checking the other's ini t ial interpretat ions) to be better 
than High/High proficiency teams. These two findings are not necessarily 
inconsistent because Experiment I yielded data on high proficiency check 
incremental scores to low profici ency ini t ial scores from which nothing 
can be deduced about high proficiency increments to high proficiency 
initial scores. If the results of both the Doten s t udy and Experiment I 
were valid, then it would follow that mean High/High incremental scores 
could be expected to be les s t han mean Low/High increment al scores. 
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TABLE VIII 
I NITIAL AND INCREMENTAL PERFORMANCE RATIOS. 
Mean Scores Accuracy Comple t eness Efficiency 
Mean Low I nitial ·954 .822 4.855 
Mean High I nitial .969 .867 6.634 
'Mean Low I nitial .985 .948 ·732 
Mean Hi gh 
Mean Low .Increment . 003 .o45 - 2.665 
Mean High I ncrement . 015 .085 1 .299 
Mean Low I ncr ement .188 .505 .667 
Mean High 
Mean Lo¥ I nitial + 
Mean High Increment . 969 .907 3·.969 
.997 
Me~n 
· 995 .896 
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IV. EXPERIMENT II: INTERPRETER PROFICIENCY AND IMAGERY DIFFIC.ULTY 
AS CRITERIA FOR ASSIGNMENT OF IMAGERY TO INTERPRETERS 
Experimental Objective 
The objective of Experiment II was· to determine if assigning t he 
more difficult imagery to the more proficient interpreter and the 
easier imagery to the less proficient interpreter would r esult in signi - ., _ 
ficantly higher team performance than random a ssignment of imagery to 
team members. 
Imagery Assignment Methods 
'Tl:;te two imagery assignment methods were: 
1. Presorted. Each interpreter r eceived equal quantiti es of imagery 
.for interpretation. All imagery given t o the lower profi ciency team 
m~ber was less difficult than any of the imagery given to the higher 
proficiency team member. 
2. Unsorted . Imagery was assigned to team members without r egard 
to its difficulty or interpreter profici ency. 
Experimental Design 
Experiment II des ign, to test effect s of interpreter proficiency 
and linagery difficulty as criteria for interpretation task assignments, i s 
shown in Fi,gure 4 . Composition of the twelve teams remained the same as 
in Experiment I. Each team interpreted unannotated imagery of known 
d,ifficul ty not previously viewed by either team member. Teams were 









Ss Ss Ss ' 
- - -
14,15 14,15 14, 15 
3,5 3,5 3,5 
12, 23 12,23 12, 23 
19, 20 19, 20 19, 20 
1,17 1, 17 1, 17. 
13 ,18 13,18 13,18 
Ss Ss Ss 
- -
-
24 ,4 '24,4 24, 4 
11,16 11 , 16 11,16 
10, 7 10,7 10, 7 
21, 22 21, 22 21, 22 
9, 8 9, 8 9, 8 
6, 2 6, 2 6,2 
Accuracy Comp l e teness Eff i c i ency 
PERFORMANCE MEASURE 
Figure 4. Experiment II Design . 
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Unsorted imagery interpretation pro~edure whi l e Group 2 consisted of six 
teams using the Presorted imagery interpreta~i on procedure . Team grouping 
apd imagery flow is shown in Figure 5, 
§xPerimental Procedures 
Interpretation procedures were similar to those of the Preliminary 
E4periment, except as noted. Each team was given twenty image frames to 
interpret . Those using the Presorted assignment method were given imagery 
in ten frame presorted booklets . Those using the Unsorted assignment 
method were given a stack of twenty unsorted imagery frames with team 
members being instructed to take an image frame off the top of t he stack 
after each frame was interpreted, until the stack was exhausted. Each 
interpreter recorded the time when he finished all the imagery assigned 
to him. Interpreters were instructed to work independently without going 
back to completed frames, pacing t hems elves in order to maximize t eam accu-
racy, completeness , and efficiency scores. Users of presorted imagery were 
not told the i~agery was presorted. 
Results 
Accuracy, completeness, and efficiency scores for each team were 
tabulated and are presented in Table IX. 
Analysis of variance. A 2 x 3 factorial analysis of variance was 
p~rformed . Results of the analysis are shown in Table X. All tests of 
hypotheses were made at a five per cent significanc e l evel . As before, 
. •, differenees due to performance measures were statistically significant . 
Preparation of 12 copies of each of 6 dif-
f erent i magery sets in 36 booklets, each 
conta i ning 2 differ ent imagery sets 
121 imagery booklets 
I 24 imagery oooklets 
Preliminary EXper iment Test 
24 interpreted booklets 
24·ss 
Scor i ng of interpreted imagery; calcul ation of 
subject proficiency and image frame di fficulty 




Assignment of subjects to teams, each team 
consisting of one subject from the set of 12 
most proficient subjects and one subject from 
the set of 12 least profi c i ent subjects 
24 Ss assign to 12 teams 
to groups for EXperiment II 
6 teams; 6 booklets 
(each low proficiency member 
to interpret less difficult 
half of booklet; each high 
proficiency member t o inter-
pret more difficult half of 
booklet) 
6 teams ; 6 booklets 
Experiment II Test Session 




ACCURACY, COMPLETENESS, AND EFFICIENCY SCORES FOR TEAMS 
IN EXPERIMENT II 
Proc ~dure Accuracy Completeness Et'fic iency 
.960 .774 7.619 
.980 ·955 7.688. 
.960 .941 7.526 
Unsorted .965 .902 8.118 
.993 .962 7.023 
.944 .882 6. 022 
·993 ·954 7· 392 
·973 .922 7:889 
Pre- sorted .965 .890 7.667 
·972 .890 7.211 
.986 .903 6 .829 



























Differenc~s due to task assignment cri teria for accuracy, completeness, 
and efficiency were not significant. Inter2.ction between task assign-
ment criteria and measures of team performanc e was not significant . 
Discussion and conclusions. Data on team performance using dif-
ferent task assignment criteria indi cated that neither the Presorted 
method nor the Unsorted method was to be preferred. If Presorting in-
vqlved additional cost, the Unsorted method would be preferred. Results 
of this experiment suggested t hat devel opment and subsequent procurement 
of equipment to ·pre-proces s imagery by predicting image difficulty would 
not be cost effective . 
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CHAPTER I V 
OPI'IMA.L ASS I GNMENT 0 PERSONNEL TO IMAGE INTERPRETATION TASKS 
A l i near integer pro rammi ng formulati on of t he problem of optimal 
utili za t i on of personnel as developed and is presented in t hi s Chapter. 
The solut i on i s dependent upon knowledge of several a ssumed cons t ant 
terms; these are: 
l . Number of each c ass (high profi c i ency and low proficiency) of 
inter pr eters ava ilable; 
2. Flow of imagery 
of targets per unit time; 
to the system, expressed in expected number 
·3 . Expected eff icien y of each class of i nterpreter f or ini t ial 
i nter pretation, for check ·nterpretation of initial work done by an 
interpreter of his class, nd for check interpretation for ini tial work 
done by an interpreter of he other class; and 
4. Expected performa ce measures (accuracy or completeness ) of 
each class of interpreter orresponding to the various effic i ency measures . 
The system can be dep cted in t he flow ~art format of Figure 6, 
where 
l. Xi is the number 
2 . xi is the number 
inter preters, i = 1,2; 
class i interpreters available, i = 1,2; 
class i interpreters utilized as initi a l 
3. xij is the number of class j interpreters utilized as checkers of 
class i initial interpretat"ons, i = 1,2, j = 1 , 2; 
¢ ~ I 
Imagery ¢1 High cl¢3 High (~l+cll)¢3 
Source I-- xlel x11e11 t 
u output 
c 1¢5 Low (c 1+c12)¢5 
. 
x12e 12 
¢2 Low c2¢6 High ( c2+c21) ¢6 
~e2 x21e21 
c2¢8 Low (c2+c22) ¢s 
x22e22 
c2¢7 
Figure 6 . Image Interpretation Flow Chart. 
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4. ¢ is the of interpretable targets into the system; 
5. ¢i is the of interpretable targets in arc i, i l, . .. ,8; 
6. ei is the efficiency of class i interpreters utili zed as 
initial interpreters, i = 1,2; 
7. eij is the efficiency of class j interpreter s utilized as 
checkers of class i i al interpretations , i = 1,2, j = 1,2; 
8. Ci is the expe ted completeness (accuracy) score of a class i 
interpreter utilized as an initial interpreter, i = 1 , 2; 
9. Cij is t he expected completeness (accuracy) scor e of a class j 
interpreter utilized as a check er of calss i initial interpretation, 
i = l, 2, j 1,2; and 
10. U is t he flow f uninterpreted interpretable tar gets in excess 
of system capacity . 
This was written linear program format as: 
MAX ¢3 ( c l + c ll ) + ¢4 c + ¢5 ( c l + c 12 ) + ¢6 ( c 2 + c 21 ) 
+ ¢7c2 + ¢8 (c2 + 22) 
Subject to 
¢ = u + ¢1 + ¢2 
¢1 ~ elxl 
¢2 ~ e2x2 
¢1 ¢3 + ¢4 + ¢5 
¢2 ¢6 + ¢7 + ¢8 
• ·.i 
·.'.! 




¢6 c: e21x21 
¢8 c e22x22 
xl + xll + x21 == xl 
x2 + x22 + x12 X2 
4l , x2, (x12+ x22), (x21+ xll) non-negative integer 
¢1,¢2,¢12,¢21' ¢11' ¢22 ~ 0 
The (xl2 + x22), (x2l + x11) non-negative integer constraint, rather than 
x11,x12,x21 ,x22 non-negative, was necessary in order to permit the pos-
sibility of one checker serving both high and low proficiency initial 
interpreters . 
The problem can be written in terms of the x's only. Adding slack 
v~riables to the inequality constraints, 
¢1 + 81 == elxl 
¢2 + 82 e2x2 
¢3 + 83 ellxll 
¢5 + 85 e12x12 
¢6 + 86 ::; e21x 21 
¢8 + 88 e22x22 
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solving for the ¢'s 
¢1 elXl - 81 
¢2 e2x2 - 82 
¢3 enxn - 83 
¢s e12x12 - 8s 
¢6 e21x21 - 86 
¢8 e22x22 - 88 
noting that 
¢4 = ¢1 - ¢3 - ¢s 
¢7 = ¢2 - ¢6 - ¢8 
The objective function can be wri tten 
MAX Ce11X11 - 83) ( c1 + c 1) + e1x1 - 81 - ( e11x11- 83) - ( e12X12 - 85) )cl 
+ (el2X 12- 85) (cl + Cl2) + (e21xe1 - 86) (c2 + C21) 
which can be r educ ed to 
MAX CllellXll + ClelXl + 12e12X12 + C2le21X21 + C2e2X2 + C22e22X2 - C1183 
- cl81 - cl285 - c2186 - c 
Eliminating the variable ¢ ' s, the constraints become: 
elxl + e2x2 - 81 - 8 + u = ¢ 
xl + xll + x21 = Xl 
x2 + x22 + x12 = X2 
xl ,x2, (x12 + x22 ), x21 + x11 ) non-negative integer 
u ~ 0 . 
· : 
SUMMARY AND CONCLUSI ONS 
I. SUMMARY 
Methods of improving image interpretation system output through 
use of interpreter proficiency as a criterion for making interpreter 
personnel assignments were investigated. A Preliminary Experiment was 
conducted to determine subject proficiency and imagery difficulty. 
Analysis of variance indicated that the imagery used was sufficiently 
homogenous that measures of interpreter performance based on interpre-
t~tian of dissimilar imagery sets could be compared. Experiment I was 
designed to determine if either of two personnel assignment methods using 
interpreter proficiency as the assignment criterion would yield signi-
fi cantly improved team performance. Analysis of variance revealed no 
significant differences in performance due to either of the methods 
tested . Experiment II was designed to determine if assigning the more 
difficult imagery to the more proficient interpreter would result in a 
significantly higher team performance than random assignment of imagery 
to team members. Analysis of variance indicated no significant differ-
ences in interpreter pe+formance due to either of the methods tested. 
The image interpreter personnel assignment problem was formulated 
as a linear integ~r program. 
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II . CONC US IONS 
Insofar as image i terpretation operations resemble t he experi-
mental conditions of th s study, the relative proficiency of image inter -
preters need not be con idered in making personnel task assignments . 
Subject to the same qua ification, pre-sorting of imagery by predicted 
difficulty of interpret tion with subsequent assignment of the more 
difficult imagery to th more proficient interpreters cannot be expected 
to result in improved s output . 
. I 
' interpreter proficiency and expected 
input rate of interpret ble targets are known, optimal assignment of 
interpreter personnel c made using an integer linear programming 
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INSTRUCTIONS TO SUBJECTS 
The following instruct ions were given to subjects prior to the 
Preliminary Experiment: 
"The imagery you will be given is designed to represent a erial 
photography. The territory depic ted shows a border between two countries 
called WHITE and BLACK. You are WHITE photo interpreters who have been 
given the task of detecting all BLACK mili tary objects on WHITE's side 
of the border. 
"In the imagery the border is indicated by a line of x 's. The 
WHITE side and t he BLACK s ide are clear ly labelled. The border will 
often be unrealistically irregular in configuration. On the other hand, 
the military objects will often be unrealist i call y s imple. WHITE and 
BLACK military objects are similar in appearance; t hey differ in that 
BLACK forces are drawn with por tions shaded, whereas WHITE forces are 
drawn in outline with no shaded port i ons. You are not to report any 
WHITE forces--no matter which s ide of the border they are on . You 
are not to r eport any BLACK forces on BLACK's s ide of the border . Re-
port only those BLACK forces that have vi olated WHI'rE ' s terri tory. I s 
that clear? (Wait f or response .) 
"You have an interpretation key before you . I t shows exampl es of 
the symbols you will see on the imagery . You may refer to the key as 
you interpret the imagery. The key li sts the f i fteen different types 
of military objects you are l ooking for . For your purposes no other 
types of military objects exist . The key is arranged in alphabetical 
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order. Note that the t es of military[ objects are : 
Aircraft, jet fight r 
Aircraft , er 













''Please open your agery booklet to the first page, labelled 
EXAMPLE l. This image ame is s imilar to those i n the rest of the 
booklet. In this frame LACK's territory is roughly the upper right 
one BLACK radio nna 
two WHITE tent s 
two BLACK tanks 













one BLACK tent 
:Ree:all, however, that you are a WHITE interpr eter concerned only with 
repG>rting BLACK border violations. Therefore only the BLACK tent, tank, 
and trench ar,e of interest to you, as they are located in WHITE terri t ory . 
"Your task -will be to look at each image frame, circle or draw 
,an arrow ,to each BLACK border violator, assign a number to each violator, 
and write the numbers on the appropr i ate lines of the evaluation form 
below the image frame. Please turn to the next page for an example. 
"On the imagery the tent has been circled and numbered l; the num-
ber l has been entered on the appropriate line. The tank is circled and 
labelled 2; note the 2 on the line opposite 'tank.' An arrow is drawn 
to the trench, which is numb er ed 5; the number 5 appears opposite 'trench' 
beR'ow. Circles around any of the other objects would be scored as errors. 
Your choice of labelling numbers i s immaterial, just as long as each num-
ber ased is not repeated on the same image frame . 
''Please turn the page to EXAMPLE 2 . Mark a l l BLACK forces on 
WHITE's side , and fill i n the evaluation form below. Look up when you 
have finished. (Pause.) 
"Now turn to the next page. The long truck and two helicopters 
nave been labelled and r ecorded below. Note t he double entry on the 
helicopter line . The BLACK tent is not recorded because it is on BLACK ' s 
side of the border . The black shape near the border in the upper part 
of the frame does not repr€sent any military object. Note t hat the 
helicopter to the r ight contrasts less with the background than does 
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the helicopter to 
to see on account 
You can expect some objects to be difficult 
contrast ratio. You may have to guess the 
identity of an indistin t or lightly drawn object or guess if it 
is shaded or not. 
truder; on the 
as you can. 
y be costly to WHITE for you to miss an in-
d, false alarms may also be costly. Do as well 
"When I say START, turn to the next page and begin your image 
interpretation. Work a accurately, completely, and quickly as you 
can. As soon as you fi ish one image frame, go immediately to the 
next. After ten frames you will come to an instruction page. When you 
reach it, record the ti e as indicated on the flip cards I have on 
the desk here in front, to the next set of frames immediately . 
After completing ten mo_e frames, stop, and record the time from the 
flip cards. Do not loo back at any image frame you have completed. 
You are then free to le You will be scored on accuracy, completeness, 
and speed--so pace yourselves to maximize your score. Are there any 
questions ? (Pause.) may start in ten seconds . (Pause.) START." 
The following instr ctions were given to subjects prior to Experiment 
I : 
"You have each been given an imagery booklet that was used by an 
initial interpreter in y sterday's experiment. It contains marked image 
frames and evaluation fo s. Your task in this experiment is to check-
interpret the imagery. ou should correct any omissive or commissive 
errors you find. If you find a commissive error, X th~ough the initial 
interpreter's marks and ark the frame according to your interpretation. 




If you find omissive errors --tha t i s , BIACK forces on WHITE's side of the 
border that were overlooked by the initia l i nt erpreter--label them and 
make appropriate entries on the evaluation f orm beneath the imagery. 
(Demonstrate on blackboard.) Is this clear? (Pause.) 
"In this experiment you and the initial interpreter are considered! 
a two man team. Your team will be scored on the basis of accuracy, com-
pleteness,. and speed. Your teammate has, in effect, already done the 
initial interpretation. You should not change his correct interpretations . 
Pl.ny corrections you make will be final judgments- -that is, your teammate 
will not be checking your corrections . 
'"When you. are told to START, check-interpret the first ten image 
frames without stopping. Do not go back to a frame you have .checked. 
When you reach the instruction page, record the time you see on the flip 
c:ardL here :in front, and go immediately to the next set of image frames. 
Vlhen. YO·Ul finish, stop and record the time.. Pleas e remain seated until 
ewery0ne fin± shes . 
'''We ~ :n take a short break when everyone is finished. The final 
experimerrt-·-which is a short one--will follow the break. Are there any 
qJIIl!estions?' (Pause.) You may S~RT in ten seconds. (Pause.) START." 
The following instructions were given to subjects prior to 
:E!Xpeximent II; 
'~o~. have been assigned to teams and should be seated next to your 
teammate.. Some o·f you have been given sets of ten image frames to 
il1l!terp:ri"et. ()thers of you have a stack of twenty image frames which should 
l!:le p.lac:ed within reach of both members of the t eam . 
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"When you are to d to START , you should i nterpret your image 
frames just as you di in yesterday's experiment . If you have your own 
individual booklet, w k through the frames without stopping. When fin-
ished, record the tim 
9t13-ck of imagery: 
image frame from the t 
ttnue working 
member should 
4is last frame. 
there any ques tions? 
START." 
flip cards. Those of you with a shared 
told to START, each team member should take one 
of t he stack and interpret i t. As soon as 
take another from the top of t he stack. Con-
team has exhausted the imagery. Each team 
and record the t ime when he finishes 
remain seated until everyone is f i nished. Are 
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